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Abstract

Background and Methods—This cross-sectional study aimed at determining the prevalence 

and risk factors for severe anemia, severe microcytic anemia, and severe normocytic anemia 

among HIV-infected individuals aged >15 years. Univariate and multivariate analyses were 

performed to identify the risk factors for anemia.

Results—Data from 40 408 patients were analyzed, showing an overall prevalence of 22% for 

severe anemia. The risk of developing severe anemia increased by 49% among patients with a 

body mass index of <18.5 kg/m2, by approximately 2-fold among patients with the World Health 

Organization (WHO) stage III, and by 3-fold among patients with WHO stage IV illness. Severe 

normocytic anemia was uniquely increased among patients aged ≥50 years, among those with 

chronic diarrhea and Kaposi’s sarcoma, and those taking cotrimoxazole.

Conclusion—There was a high prevalence of severe anemia among adults infected with HIV. 

Focused identification of anemia should be based on the hemoglobin and mean corpuscular 

volume measurements.
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Introduction

Anemia is a common complication of HIV.1–3 The condition is often considered an 

inevitable consequence of HIV infection, with prevalence estimates ranging from 58% to 

95% in different settings.3,4 In developed countries, the prevalence of severe anemia among 

HIV-infected individuals is between 1.4% and 2%, depending on the hemoglobin (Hgb) 

cutoff point and increases with advanced immunosuppression.4 Corresponding figures in 

developing countries are limited and also vary depending on the Hgb cutoff value chosen. 

According to recent data, in some Sub-Saharan African countries, the prevalence of severe 

anemia (defined as Hgb < 7.5 g/dL) at the initiation of antiretroviral (ARV) medication 

ranges from 3% to 8%.5 Using a less stringent cutoff (Hgb < 8 g/dL), a recent study 

conducted in an HIV care clinic in rural Tanzania revealed a 16.9% prevalence of severe 

anemia6 among HIV-infected individuals. In this study, 649 (77.4%) of 838 patients met the 

definition of anemia. Of the 649 patients with anemia, 254 (39.1%) had microcytosis and 

hypochromia, suggestive of iron deficiency, whereas 52 (8.0%) had hypochromia with 

normocytosis, and 18 (2.8%) had microcytosis with normochromia.

The etiology of anemia in HIV-infected patients is multifactorial, with opportunistic 

infections, nutritional deficiencies, certain medications (including cotrimoxazole and 

zidovudine [ZDV]), HIV itself, and infiltrative diseases of the bone marrow among the 

leading causes.7 Preexisting anemia may be worsened by any of these conditions.

Studies of the magnitude and determinants of severe anemia in the context of HIV infection 

are limited. The few available studies focused on general anemia or mild anemia and mainly 

target children and pregnant women.2,8,9 Severe anemia might also be common in the adult 

population and is clinically relevant because of the high mortality rate associated with it.10 

Several factors are reportedly associated with mild anemia or anemia in general,4,6,11 but 

little is known about the specific factors associated with severe anemia and its 

morphological types as defined by the mean corpuscular volume (MCV), especially in HIV-

infected adults.

Differentiating the types of anemia according to MCV can help determine the etiology of 

anemia and assist with its management. In sub-Saharan Africa, microcytic anemia (defined 

as anemia with MCV < 80 fl) is mainly due to iron deficiency, whereas normocytic anemia 

(defined as anemia with MCV of 80–100 fl) is usually due to anemia of chronic 

disease.3,12,13 Macrocytic anemia (defined as anemia with MCV > 100 fl) may be due to the 

deficiency of either cobalamin or folate.14

In this article, the authors report on the prevalence of severe anemia, severe microcytic 

anemia, and severe normocytic anemia and their associated risk factors among HIV-infected 

adults at the time of enrollment into a large urban HIV Care and Treatment program in 

Tanzania.
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Methods

Design and Setting

A cross-sectional study was conducted at 12 HIV care and treatment clinics (CTCs) in Dar 

es Salaam, Tanzania. These clinics are supported by the Management and Development for 

Health (MDH) HIV Care and Treatment Program funded by the US President’s Emergency 

Plan for AIDS Relief (PEPFAR). The MDH-PEPFAR program has been enrolling 

participants into an HIV Care and Treatment Program since November 2004.

Study Population

For the prevalence of anemia, the authors included all HIV-infected males and nonpregnant 

females > 15 years of age who had the baseline Hgb among those enrolled into the MDH 

Program between November 2004 and December 2010. The authors examined risk factors 

for severe anemia among participants who had both Hgb and MCV during the same period.

Data Collection and Management

At the first clinic visit, the attending physicians diagnosed and staged all patients according 

to the World Health Organization (WHO) clinical criteria. Other information collected at the 

initial visit included social and demographic characteristics, anthropometric measurements, 

previous ARV medication use, current cotrimoxazole use, history of tuberculosis (TB in the 

past), and current TB treatment. The initial laboratory workup at diagnosis and staging 

involved measurement of CD4 count (using FACS Calibur, Becton Dickinson [BD], Franklin 

Lakes, New Jersey), full blood picture (using ACT5 DIFF Hematology Analyzer, Beckman 

Coulter, Brea, California), biochemical tests (liver, lipid, and renal profiles using Cobas 

Integra 400 Plus Chemistry Analyzer, Roche, Basel, Switzerland), and hepatitis B sero status 

determined using SD Bioline antigen and antibodies (Standard Diagnostics, Inc, Suwon, 

Korea), respectively. All these machines and reagents were supplied by Roche Diagnostics 

(South Africa), through KAS Medics as a local agent. All patients’ demographic, clinical, 

laboratory, and therapeutic data were recorded by physicians and nurses on standard case 

report and National Care and Treatment Center forms. Data reviewers were stationed at each 

clinic to ensure adequacy and completeness of the data recording by the health care workers. 

Data collected were then entered into a secure computerized database designed solely for the 

purpose of data collection and analysis. Unique patient identifiers were used. The database 

was updated daily by professional data entry clerks. Weekly quality assurance checks of the 

database were performed by the data management team to ensure data accuracy. Data 

extracted for this analysis included age, sex, Hgb (g/dL), body mass index (BMI), WHO 

clinical stage, CD4 count (cells/mm3), history of previous ARV medication use, history of 

TB and current TB treatment, current use of cotrimoxazole, concurrent illnesses such as oral 

candidiasis, chronic diarrhea (>2 weeks), Kaposi’s sarcoma, wasting, syphilis, alanine 

transaminase (U/L), hepatitis B status, creatinine level (in mmol/L), and morphological 

classification of anemia based on MCV.
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Outcome Measures

Severe anemia was defined as an Hgb level of <8.5 g/dL. This cutoff point reflects the level 

of severe anemia used for referral to district hospitals in Tanzania.15 Anemia was considered 

to be normocytic if the MCV level was between 80 and 100 fl, microcytic if the MCV was 

<80 fl, and macrocytic if it was >100 fl.14

Statistical Analysis

The prevalence of severe anemia at baseline was determined as the percentage of cases 

among patients enrolled in the treatment program during the study period. To identify 

predictors of severe anemia, univariate and multivariate analyses were performed using log 

binomial models to estimate relative risks (RR) and confidence intervals.16,17 In determining 

the risk factors for various types of severe anemia, separate models were run for multivariate 

analysis; one model included WHO stage but excluded components of the staging definition, 

namely TB treatment, oral candidiasis, chronic diarrhea, wasting, and Kaposi’s sarcoma. 

The other model included the latter individual conditions but excluded the WHO stage. In a 

few instances, the models did not converge and log Poisson models, which provide 

consistent but not fully efficient estimates of the prevalence ratio and its confidence 

intervals, were used.18 All available plausible predictors were included in the multivariate 

models if they were significant at a P value of <.20. The missing indicator method was used 

for covariates with missing values in the multivariate analyses.19 Stepwise restricted cubic 

splines were used to assess the nonlinearity of results and produce graphs of 

associations.20,21 The criterion for significance for all analyses was a 2-sided P value of <.

05. All statistical analyses were performed with the statistical software package SAS release 

9.1 (SAS Institute Inc, Cary, North Carolina).

Ethical Considerations

Patients were recruited for participation and enrolled in MDH-supported CTCs following 

written informed consent that was subject to ethical reviews by the Muhimbili University of 

Health and Allied Sciences (MUHAS) and the Harvard School of Public Health (HSPH) 

institutional review boards.

Results

Hemoglobin measurements at enrollment were available for a total of 46 430 HIV-infected 

adults. Of these, 6022 were excluded due to pregnancy. Hence, 40 408 patients met the 

inclusion criteria for analyzing the prevalence of overall severe anemia. A total of 38 656 

participants who had both Hgb and MCV measurements were included for analysis of risk 

factors for various types of severe anemia.

The baseline characteristics of these 40 408 HIV-infected individuals with Hgb 

measurements are presented in Table 1. The age range for the study participants was 15 to 

68 years, with a median of 37. The majority of study participants were female (66%) at 

WHO clinical stage III or IV (67%) and those (56%) with a baseline CD4 count of <200 

cells/mm3.
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The overall prevalence of severe anemia (Hgb <8.5 g/dL) was 22%. The prevalence of 

microcytic severe anemia was 15.4% (accounting for 67% of all severe anemia cases) while 

that of severe normocytic anemia was 6.4%. Macrocytic severe anemia was rare, with a 

prevalence of only 0.3%.

Determinants of Severe Anemia

In the multivariate analyses (Table 2), the prevalence of severe anemia increased by 49% 

among patients with a BMI of <18.5kg/m2 compared to those with a normal BMI (18.5≤25 

kg/m2), by approximately 2-fold among patients with WHO clinical stage III, and by 3-fold 

among patients with WHO clinical stage IV illness, compared to those with WHO clinical 

stage I. Also, the prevalence of severe anemia increased by 55% among patients with serum 

creatinine >1.2 mmol/L compared to those with normal renal function. In addition, the 

prevalence of severe anemia increased by 48% among patients with a CD4 count of <50 

cells/mm3 and by 49% among those with a CD4 count of 50 to <200 cells/mm3 compared to 

those with higher CD4 counts. However, the relationship between CD4 and the risk of severe 

anemia was nonlinear (Figure 1). The prevalence of severe anemia decreased steeply up to a 

CD4 count of 400 to 480 cells/mm3 then slowly to 700 to 800 cells/mm3, after which point 

little additional benefit was observed. Likewise, the prevalence of severe anemia increased 

by 12% in those with oral candidiasis and by 35% among those with wasting. Male sex, age 

≥50 years, being overweight or obese, and previous ARV medication use were protective 

against severe anemia. The TB treatment, Kaposi’s sarcoma, and use of cotrimoxazole 

prophylaxis were not significantly associated with the prevalence of severe anemia after 

controlling for other risk factors.

Determinants of Severe Microcytic or Severe Normocytic Anemia

Severe microcytic anemia shared many of the same independent risk factors observed for 

severe anemia overall (Table 3), including low BMI (BMI <18.5 kg/m2 vs BMI 18.5≤25 

kg/m2; multivariate relative risk [RR] 1.49; 95% confidence interval [CI] 1.41–1.57; P < .

001), advanced HIV disease (stage IV vs stage I 2.50; 95% CI 2.21–2.82; P < .001), low 

CD4 count (RR 1.34; 95% CI 1.26–1.44; P < .001), oral candidiasis, (RR 1.18; 95% CI 

1.17–1.27; P < .001), and raised serum creatinine (RR 1.49; 95% CI 1.39–1.58; P < .001). 

Protective factors for this subtype of severe anemia were identical to those observed for 

severe anemia overall.

Similar risk factors were found to be associated with normocytic anemia (Table 4). In 

addition, the risk of severe normocytic anemia increased with age ≥50 years (RR 1.22; 95% 

CI 1.05–1.40; P < .001), chronic diarrhea (RR 1.22; 95% CI 1.08–1.38; P = .001), Kaposi’s 

sarcoma (RR 1.93; 95% CI 1.48–2.52; P < .001), and cotrimoxazole prophylaxis (RR 1.16; 

95% CI 1.03–1.30; P = .01).

Discussion

The authors found that severe anemia is common among HIV-infected adults in this large 

cohort of patients from urban Tanzania. In this study, the overall prevalence of severe anemia 

was high when compared to the reports from other studies.5,6,22 As in other studies, the 
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prevalence of anemia depended upon several factors including the stage of HIV disease, age, 

sex as well as the definition of anemia used.4,23 This high prevalence may be due to the 

moderate to severe immunosuppression in most patients and the relatively high cutoff level 

the authors used to define severe anemia. The prevalence of cutoff points of 7.5 g/dL and 8 

g/dL was found to be 12.4% and 16.8%, respectively. The authors opted to use the cutoff 

point of 8.5 g/dL, as it is commonly used in Tanzania for referral to district hospitals in 

Tanzania. So the study confirms the previous findings that as HIV progresses, the prevalence 

and severity of anemia increase.

The finding that severe microcytic anemia was the most common type of anemia among 

these Tanzanian study patients is similar to the results of a study done by Johannessen et al6 

among 838 HIV-infected adults in rural Tanzania. In this study, 54% of all HIV-infected 

patients with severe anemia had microcytosis. However, in this study the proportion of 

microcytosis was higher (67%). The predominance of microcytic anemia in Tanzanian 

patients with HIV suggests that severe HIV-associated anemia in this setting may be more 

related to iron deficiency than to HIV-associated chronic inflammation as it is in Western 

countries.6 Iron deficiency is highly prevalent in Tanzania, accounting for 61% of all 

anemia.24

In this study, underweight (BMI <18 kg/m2) was associated with severe anemia. 

Malnutrition significantly contributes to anemia due to insufficient levels of iron, folate, and 

B12 for erythrocyte production as well as the risk of increased infections. In one study, it 

was shown that nutrient supplements can correct anemia in HIV-infected adults, though the 

correction is more quickly achieved in HIV-negative undernourished adults than in those 

who are HIV positive.25 Surprisingly, the study conducted in rural Tanzania6 did not show a 

significant association between mild anemia (Hgb < 12 g/d) and low BMI. This may imply 

that malnutrition is more likely to be a marker of severe anemia rather than mild anemia.6

The observation that oral candidiasis is an independent risk factor for severe anemia among 

HIV-infected patients is in agreement with the findings from a multicenter cohort study of 

HIV-positive and -negative female participants from the United States.26 The same findings 

were reported by Subbaraman et al27 in southern India.

The authors also observed that a history of TB was associated with a lower prevalence of 

severe anemia among HIV-infected adults. This is contrary to other studies27–29 that clearly 

showed that TB is an independent risk factor for anemia/severe anemia. However, currently 

having had TB treatment in the study was not significantly associated with severe anemia. 

One of the possible explanations for this discrepancy is that, in this study, a history of TB 

(but not currently having TB) could indicate that these patients received closer care of their 

medical conditions, including immediate correction of anemia. A study by Lee et al30 

revealed that treating TB in some patients with HIV leads to complete resolution of anemia.

Low CD4 count (<200 cells/mm3) was associated with increased risk of anemia. This is 

consistent with the results from previous studies1,26,27 in which patients who had CD4 count 

of <200 cells/mm3 had a higher prevalence of severe anemia than those with CD4 count of 

<200 cells/mm.3
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Severe microcytic and normocytic anemia shared many of the same independent risk factors 

observed for severe anemia. Individuals aged ≥50 years, however, had an increased risk of 

severe normocytic anemia and a decreased risk of severe microcytic anemia. These findings 

may be explained by the fact that chronic diseases and cancers, the major contributors to 

normocytic anemia, are more common at ≥50 years of age.

This analysis also suggests that taking prophylactic cotrimoxazole increases the risk of 

severe normocytic but not microcytic anemia in HIV-infected adults. This finding differs 

from the results reported by Sullivan et al4 in the United States. This may be due to the fact 

that administration of cotrimoxazole can cause drug-associated aplastic anemia or immune-

mediated destruction of a specific population of blood cells, thereby leading to the 

development of normocytic anemia. However, in the case of the US study, the cutoff point 

for anemia was <10 g/dL which was not categorized by the level of MCV. The finding is 

more specifically related to the association between taking prophylactic cotrimoxazole and 

severe normocytic anemia and not mild anemia in general.

The findings that being a male and being overweight or obese were associated with a 

reduced risk of all 3 categories of anemia (overall severe anemia, severe microcytic anemia, 

and severe normocytic anemia) are consistent with other previous studies.4,11 Men were less 

likely than women to be severely anemic, possibly because they are not exposed to 

menstrual blood loss and multiple deliveries.

The strength of this study lies in its large and diverse patient population in a resource-limited 

country that allowed us to assess severe anemia prevalence and risk factors with 

considerable precision. In addition, examining the various risk factors for subtypes of severe 

anemia based on MCV levels enabled us to identify additional unique factors that are 

specific to normocytic anemia. In this study, the authors also adjusted for many confounders 

of severe anemia, thus increasing the validity and the strength of the associations reported.

The findings of this study were limited by a number of factors. First, the authors lacked 

information on serum iron, ferritin, total iron-binding capacity, folate, cobalamin level, and 

bone marrow, which would have given us more insight into risk factors for microcytic 

anemia and micronutrient deficiencies in HIV-infected adults. It is also difficult to establish 

whether the risk factors preceded the onset of severe anemia, or whether they reflect 

determinants of survival among HIV-infected individuals with severe anemia. Even with 

these limitations, this study provides a comprehensive evaluation of the risk factors for 

severe anemia in HIV-infected patients. This study will serve as a reference for future 

recommendations to improve care of HIV-infected adults and as a starting point for further 

etiological studies on the pathophysiology of HIV-related anemia in African adults.

In conclusion, the authors observed a high prevalence of severe anemia among adults 

infected with HIV. Microcytic anemia was more prevalent, suggesting a major role of iron 

deficiency. Advanced HIV disease and being underweight were associated with all types of 

anemia, but age ≥50 years, chronic diarrhea, Kaposi’s sarcoma, and cotrimoxazole were 

uniquely and exclusively associated with severe normocytic anemia. There is a need to have 

a focused approach of identifying patients with anemia based on both the hemoglobin and 
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the MCV measurements, since the risk factors for severe anemia differ among various 

morphological types.
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Figure 1. 
Prevalence of severe anemia (hemoglobin < 8.5 g/dL) in relation to CD4 count (cells/mm3).
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Table 1

Baseline Characteristics of HIV-Infected Adults at Enrollment (N = 40 408).

Characteristics N (%)

Gender

 Female 26 920 (66)

Age group, years

 Median (minimum–maximum) 37 (15–98)

 <30 8922 (22)

 30≤40 17 460 (44)

 40≤50 9523 (24)

 ≥50 4074 (10)

BMI group, kg/m2

 <18.5 10 953 (29)

 18.5≤25 20 418 (53)

 25.0≤30 4925 (13)

 ≥30 1947 (5)

WHO stage

 I 5407 (14)

 II 7136 (18)

 III 17 522 (45)

 IV 8693 (22)

CD4 count, cells/mm3

 <50 8045 (21)

 50≤200 13 259 (35)

 ≥200 16 514 (44)

Others

 Previous ARV medication use 4046 (10)

 On TB treatment 3654 (10)

 Oral candidiasis 2981 (8)

 Chronic diarrhea 2457 (7)

 Wasting 6628 (18)

 Serum creatinine >1.2 mmol/L 4013 (16)

 Kaposi’s sarcoma 291 (0.7)

 On cotrimoxazole prophylaxis 3636 (11)

Anemia categories

 Median(minimun–maximum) 10.4 (1.1–42.9)

 Hb <11 g/dL 23 842 (59.0)

 Hb <8.5 g/dL 8894 (22.0)

 Microcytica and Hgb <8.5 g/dL 5937 (15.4)

 Macrocyticb and Hgb <8.5 g/dL 109 (0.3)

 Normocyticc and Hgb <8.5 g/dL 2476 (6.4)
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Abbreviation: Hgb, hemoglobin; ARV, antiretroviral; BMI, body mass index; MCV, mean corpuscular volume; TB, tuberculaosis; WHO, World 
Health Organization.

a
Microcytic defined as MCV < 80.

b
Macrocytic defined as MCV > 100.

c
Normocytic defined as MCV = 80–100.
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